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ABSTRACT

A computer program, designed to provide a simple and accurate
method for evaluating spectrophotometric assay data, accommodate both
linear and nonlinear standard curves. The program requires manual
entry by keyboard of absorbance and concentration values for the
standard curve and absorbance values for the test samples. Tt will
process up to 4 dilutions of each test sAmplA and thus it can
accommodate batches of samples containing widely differing
concentrations of test compound. A regression equation (up to 4th
degree polynomial) is calculated to describp the standard curve with
concentration as the independent variable and gbsorbsnce as the
dependent variable. Concentrations in unknown samples are caphulated
from absorbance by using a method of successive approximptions. A
hard copy data printout lists input data, concentration of test
substance in each sample, statistical data concerning the estimase of
the standard curve, and a plot of the standard curve.

AV

)i

. ... .. . . . . .



Preface

We acknowledge Dr. Jqck Owicki; Department of Biophysics and
Medical Physics; University of California, Berkeley, who wrote
portions of an early version of the program. Two subroutines (BSECT
and Monton) were modified and incorporated into the present program.

We also thank Lottie Applewhite, LATR Technical Editor, for her
editoral assistance.

1

ii



TABLE OF CONTENTS

Page

Abstract ..................................................

Preface ..................................................ii

Table of Contents .........................................V

BODY OF REPORT

Introduction ..........................................1

Program Design ........................................I

User's Guide ..........................................7

Conclusion ........................................... 13

Recommendations .......................................13

REFERENCES ............................................... 14

APPENDIX A ............................................... 15

Table 1. Definition of Terms Used in Program .........1.5

Table 2. Program Error Codes .........................16

APPENDIX B Program Listing ...............................17

APPENDIX C Sample Program Output .........................44

OFFICIAL DISTRIBUTION LIST ................................52



Some spectrophotometrin procedures in analytical chemistry do no-
conform to Beer's law (1). Examples of nonlinearity between
concentration and absorbance include the thiocyanate assay for iron
(2), the Lowry method for protein (3), and the method for chloridp
recommended by Technicon (4). Non inearity is especinlIy

characteristic of microbiological assays for nutrients (5).

Deviation from Beer's law may occur when the absorp+ion bnd (or
emission line) is not completely resolved (I. Most
spectrophotometers employ a finite group of frequencies. 'he wider
the bandwidth of radiation passed by the filter, the grester the
apparent deviation from Beer' law. The deviatkon is generally more
evident at higher concentrations and the curve bends toward the
concentration (x) axis. Also discrepancies are also usually found
when the absorbing solute dissociates or associates in solution,
because the nature of the species in solution will vary with
concentration. Scattered light from suspensions, fluorescenc, or
stray light may also cause deviation from Beer's lqw (1).

When an analyst arbitrarily draws a straight line or Psi-imnfps n
linear slope through standard curve points which are not Hnonr, hut
curve toward the x axis, the result is underestimation of test s-imples
with low concentrations and overestimation of the high samplor. When
the nonlinearity is severe enough, the analyst i3 forcel to rpeer Io
the standard curve for each test sample. This is tedious nnd highly
subject to human error. The program described in tl is r-por4 was
created to eliminate the need for visual reference to a standqal curve
and to speed up the processing of data from such analyses. "he
program is also convenient for linear standard curves when severql
dilutions per test sample are assayed.

PROGRAM DESIGN

A computer program was written to perform the cAlculntions
necessary for analysis of curvilinear spectrophotometric
absorbance/concentration data. The computer hardware and commercial
software necessary for implementation of the Drogram are presented
under Materials. Details of the program itself, including a
discussion of mathematical algorithms used, a defini+ion of ferms

4 required for data entry, and limitations of the program, are aldress-1d
in Methods. A step-by-step presentation of the program as encounterpd
by the user during execution is included under TT)ER'! UJDE.

Materials

To make the program available to all ro"ntial n Iiisrn a' h



Inf it-, t wis wri en i, r and ilIcn-emnRnd on the Tnstitute's
efl) ra' mi ni .rompnl'er, N Tnta eneral Corporti on Pr- 1 i pre (,0, (11

0 pupo:-," mini -nmputer wi 4h 512,000 words (16 hits eaqch) of mpin
m-moerv runn n, under control of Data General Corporation's Advanced
operating System w~th "ul-l timesharing support). The program is
writtnn in Fortrn V (Data General Corp., Vprsion 6.02, 1 superse* of
Fortran TV And ANSI For*ran including elements of TBM Fortran TV and
Univac Fortran V). For regression and statistica) analysis of
standard curve data, the program incorporates a computati onal
subroutine (RLFOR) written in Fortran V by the Tnternet LonAl
Mathematical and Statistical Libraries (IMSL), Houston, Texas (6).
This subroutine is Dart of the statistical software package avai'nhle
to all users of the Institute's central computing f'cility. Users can
gain access to the program at any of the timesharing terminals (CRT or
printer) locted throughout the institute. Hard copy output data from
the program is available to the user on a Dat.products 2230 Line
Printer located at +he Tnstitute's central computinR facility.

Me~tho, s

The following paragraphs present the msthema 4ical algorithms usel
in the program, limitations, and special terms required for the user
to understand and use the program.

The mathematical model used to relate absorbance to concentration
datA for purpose of generating a regression equation from user input
st'4ndard curve data is the simple polynomial

y A 0 + 19x I . .... a xn
1 n

where, x standard concentration (independent variable)
y observed absorbance (dependent variable)
n = maximum degree of polynomial (discussed below)

This model Allows for the calculation of 9 regression Piqustion which
can 1ary from a linear model (where n = 1) up to a po~ynoMiaq of
maximum degree n. The maximum degree of the regression equation
allowed by the program has been arbitrarily limited to four. We have
found that polynomial equations up to a maximum degree of four (n
quartic oqution) cqn be used to modpl even those assays which exhiht
extreme nonlinearity (e.g., microbiologial nutrient assays).

The IMSL subroutine (6) includ-d in the program Derforms e

computations required for a standard univariafe curvilnear raprssion
analysis. Orthogonal polynomals are used by the subroutine to compute
the regression polynomial (7,R). Tn addition to calculating the
regression coefficients of the polynomial, the subroutine also



provides the usual Analysis of variance table information alonR with
other statistical inferences for each model parameter. The fitted
model returned by the subroutine is

Yi =  A o + 8lXJ +A xi 2 .... +A p 
'

0i o i 21iP

where: yi = predicted absorbanre for jth data point
I (dependent variablel

x. = standard concentration for i th data point
1 (independent variable)

p = maximum degree of polynomial
(limited to four in thlis program)

q =o-p computed regression coefficients

i = 1,? ...... , N (number of data points)

e. = population random error

11
The population random errors corresponding to n-. n" s~ure to Li-

uncorrelAted, to have means or zero, and have vrrisnte 69 (5 Tuninp
execution of the program the user has the choice of computing -i;1ir q

polynomial regression model or a linear re~gession model (Tn rq!3-s
where it is known that the relationship between absorbnPe qnd
concentration is linear under given assay conditions.)

Because of the possibility that the generated polynominl will not
be monotonic over the input concentration range, a subroutine hn3 hPen
incorporated into the program to detect this condition. Tf thI
generated polynomial is not monotonic over the input ooncenrntion
range, the program will abort And the user wi- he instructed +o ri-hek

d0- for Accuracy or prepare a new standard curve if necessary.

In order to facilitate the computation of sample coneontrnalon
data from the calculated regression model And also to allow the

nnalyst a certain degree of lati+ude in preparing standard curves. the
concepts of "standard volume" and "standard equivelen4 voge.," h'n. v
been used (see Appendix A, Table I for definitions). Tn pr,-i ' " -
standard curve for a given assay, it will be Assumed thpf the nIYivsl

' has prepared one solution of known concentrntion freprosentiw "

maximum concentration in +he curve) and from this solution will
prepare the standard curve. For purposes of ilv. +r ; n. il

hypothetical example is given and the following assay por-m.rs i--

assumed:



q. Total volume of standard (including diluent) 2.0 ml

h. Numbor of points in sl-ndsrd curve 11.
The annalvst woull r prp his standard cu-ve in the foll-~winp mAnnor.

STPANDARD VOLUKE OF SS TOTAL .STANDARD) EOUIVALEN-
V()TIMF,4  DILUFNT VOL!JMF VOLUTME

(c.?' .0 2.0 0.0(
I.R 2.0 0. 1

(0.8') 1.6 2.0 0.47

(1.0) 1.0 ?.0 (.V
(1.2') 0.A 2.n0.
(1.4) 0.6 ).-

000r. 4 ?. (1 0.R
(i.8)0.2 2.0 C.0
(2.')0. r). 1 .0

The user entprs only I-he 'StandarI Volume" (no+-l by -in qster 'lr
nhove) along with its corresponding absorbacnre durinp- Pyrcuijon
of the program. The "standard volume" is scaleId by I-he program
over the range: 0.0 4 'SANDAR) ECUTVAIJENT VOLUTMP < 1 .0 for
roanTai tionnl puirposes within thec program Pnd for grphce-p
prpse,-n~mtion of the ge-nerated regression cu're in the hqrdcorv
da1t~a outnut- of the- program. Because of this scaling fean.ur-, I-hP
liser is free to ch oose the qssay volume to suit the test and/or
nsatm-ntqtion roqiiirements. The maximum absorbance- ncce!pted ',y

th- progra9m in its curr-nt- form is 2.0. Tf transmiit+-,nce vqlue-s
q- determined instead of qbsrorbnnceP uni ts, ithey must be
-nnverted by the use-r into gbsorbqnce- uni ts before the daqta cqn
bp entered in the Program. A total of ')( standard curve data
pnts (i.e., nbsorbance, standard volume pairs) can be input.

Upon successful completion of the regression equation 'see
Appendix A, Table 2 for error code descriptions), the program
accepts certain alphamneric information used in the hArdcopy datas
output. This information nonsi sts of 1) name of assay, 2') type
of snmpleP, i) date of assay, and 0~ name of injeStigA4-or.
Complete instructioni for entering this informstion are provided
uinler !1,,R" ( ITDP. Standard -on-s-.n~rqtion and sanmple- dilution
41aq(cto r inforn-Ion is qlqso entered st thi s tim-, a'long with The-
rpvnbfe of~ dli1uti ens per sample- and the volume of thp SaMUP qt
eacoh dilut.ion. The progrgm wiqll acnent, -up to 4 dilutions pr



sample. Finally, +he sample number and the corresponding
measured Absorbnce(s) (if more than one samp'le volume was
prepared) for each sample are en+ered.

The mathematical technique used in this program to compute
concentration from measured absorbance is a numerical iterative
procedure commonly referred to as the method of successive
approximations. lecause the standard curve regression equation
was generated with abeorbance (dependent irnriable) as a function
of concentration (independent variable), the equation must be
either solved analytically for concentration as a function of
absorbance or numerical techniques must be applied to Rrrivp at a
solution. Although qnalytical methods Pre availnble for the
closed solution of equations up to the third ldegree, no generally
applicable technique exists for the solution of quartic and
higher degree equations (Q,10). iterative techniques Rpproxima+e
the root(s) of equations to some prescribed degree of accuracy.
The subroutine employed in this _program computes the unknown
concentration to + 1.0 x 10 standarl equivalent volume. k
complete description of this technique is presented in Appendix
B, under Subroutine 'BSECT'.

After the unknown "standard equivalent volume" haq been
determined from the measured absorbance, +he following
relationship is used to compute

the actual concentration of substance in the simple(s).
!SUBSTANCEI = (STD.EQ.VOL)(SS.TOT.VOL(STD.CONC.)(I/,D.Vr)LDP)

wiere:

SUBSTANCE = concentration (or amount/unit we ht) or test
substance in original sample.

STD.9O.VOL. = Standard equivalent volume 'calculat-d by BSCT
subroutine).

SS.TOT.VOL. = sample and standard total volume.

ST1).CONC. = concentration of standard used to prepare curv-.

SD.VOL. = sample dilution volume.

DF = dilution factor.

(See Appendix A, Table I for further explanations of +he
abbreviations.)



The prenedinp ealruletion is based on SS total volume and is therefore

indep,-nlfnt of totl rp'r'tion volume. For purposes of this proprim,
'he ,mounts of nny qdjition.0 reagents do not affect thp e-l ule iong.

The program aiso provides the option of calculating more than one
sot of snmple data (wtth different dilution factors, sample volumes,
etr!.) from the same standard curve regression equation. A complete
listing of the program is provided in Appendix B.

6



USER'S GUTDE

General

Before giving a detailed description of the program from the
user's point of view, two points must be discussed. The first deals
with limitations of the program and the second is related to
provisions made for 'unknown' sample data entry.

This program provides the analyst with a simple and accurate
computational method for evaluating spectrophotometric assay data as
an alternative to graphical techniques which are usually tedious nnd
error-prone. The program generates a linear or polynomial regression
equation from input standard curve data points. This equation is then
used as a statistical model to estimate unknown sample concentration
data from known absorbances. The program should not bh us'ed for
purposes of inferring information about the nature of the chemical
reaction involved in a particular chemical or microbiological assy
(e.g. reaction mechanisms or kinetics).

Provision has been made in the program to allow entry of up to

four dilutions per 'unknown' test sample. There are several reasons
for including this feature. First, interfering substances Pn often
be detected by assaying the test sample at several different
dilutions. This problem is common in microbiological assays and is
referred to As "upward" or "downward" drift, depending on whether the
nonspecific interference is stimulatory or inhibitory. Thus for some
Assays, this feature could be considered as a monitor of the validity
of the results for each sample. Secondly, with several dilutions, the
analyst can handle samples with widely different concentrations of
test substance without being forced to repeat samples which fall out
of the range of the standard curve. Tt is often time-effective
(particularly if automated pipetting equipment is available) to
include extra dilutions and to disregard outlying values. Finally,
the feature increases the statistical power of the resultant data by
increasing the number of replicates.

Specific User Instructions

In the complete operational description of the program,
capitalized sequences denote program output displayed on +he user's
terminal, underlined sequences denote prompts requirinR use- dp+n
input, and the Appropriate user response is enclosed in pprentheses.
The program is outlined in the following nine steps.

"--" II -- II - I - III - .-- :. ... ... i -_ ,' ...: a:,,,,* ,. r . ... 7



STEP 1.) The user accesses the program at A timesharing terminal by
entering the CLI command 'EXECUTE ASSAY'. A brief introduction to the
program will be displayed on the terminal. The user presses <RETURN>
to resume program execution.

STEP 2.) Instructions are given for entering standard curve date
points, then the following series of prompts are displayed for data

point entry.

DATA POINT NO.: 'n'

ENTER VOLUME OF STANDARD ('IND VARIABLE'):

(User enters volume of standard used fo-
given data point.)

ENTER MEASURED ABSORBANCE FOR ABOVE VOLUME ('DEP' VARIABLE):
(Wser enters absorbance. Allowed
absorbance range is 0.0 to 2.0.)

EXAMTNE ABOVE ENTRTES. IF YOU WISH TO CORRECT

EITHER OR BOTH VALUE(S), ENTER '1' BELOW.

..... ENTER '1' TO CORRECT DATA POINT ENTRY.

..... ENTER '2' TO CONTINUE DATA POINT ENTRY.

..... ENTER '999' TO TERMINATE DATA POINT ENTRY.

ENTER CHOICE: (User entera '1' to corrpct dts point
entry just made, '2' to enter another
data point, or '999' to terminate data
point entry.)

At least five data points are recommended for linear standard curves
and at least eight data points Pre recommended for nonlinear stqndqrd
curves. A maximum of thirty data points may be entered.

8I



STEP 3.) After all standard curve data points have been entered, the
program outputs to the terminal the following message.

ENTER TYPE OF REGRESSION CURVE DESIRED -- LINEAR OR POLYNOMIAL

.ENTER '1' FOR LINEAR REGRESSION CURVE.

..... ENTER '2' FOR POLYNOMIAL REGRESSION CURVE.

ENTER CHOICE: (User enters '1' if the assay is known to
be linear, or '2' if a polynomial
regression curve is desired.)

STEP 4.) Program displays the following message at the terminal:

CALCULATING POLYNOMIAL REGRESSION EQUATION.

If any error conditions are detected by the regression subroutine, a
message indicating the fact will appear at the terminal. The most
likely cause for an error to be detected is an insufficient number of
data points for the requested type of regression equation. If an
error occurs, the program must be aborted and the cause corrected
before the user can continue. Possible error conditions are listed in
Appendix A, Table 2.

If the regression equation was successfully computed, the following
message appears at the terminal:

POLYMONIAL REGRESSION EQUATION OF DEGREE 'n' HAS BEEN CALCULATED.

STEP 5.) The user is next requested to enter information to annotate
output data. The following prompts are displayed:

ENTER TYPE OF ASSAY:
User enters discription of assay.
(Maximum, 12 alphameric ch9racters.)

9



ENTER~ DATE OF~ ASSAY:

(User enters the date assay was
conducted. Maximum of 12 alphameric
characters may be entered.)

ENTER TYPE OF SAMPLE:
(User enters description of sample.
Maximum of 12 alphameric characters may

be entered.)

ENTER NAME OF TNVESTIGATOR:
(User enters name of person conducting
assay. Maximum of '2 alphameric
characters may be entered.)

SITEP 6.) Tnformation required to calculate 'unknowns' is now entered.
These date consist of dilution factor information, concentration of
standard, tho number of sample dilutions and the volume of each sample
Ilution.

STANDARD CONCENTRATION DATA:

.....ENTER TIMFRICAL PORTION OF STANDARD CONCENTRATTON:

(User enters numerical portion of

standard' noncentration.)

..... ENTER UNITS OF STANDARD:

(User enters units of standard (e.g.,

ng/ml, mg/ml, etc. A maximum of 6
characters may be entered.)

ENTER INITIAL DILUTION F1CTOR OF SAMPLE MA'ERTAL:

(U1ser enters initial dilution factor of

sample material.)

10



If initial dilution factor is greater than 1000, the user will be
requested to re-enter the units of the standard. For example, if the
original units were 'ng/ml' then 'ug/ml' should be entered, or if theoriginal units were 'mg/1' then gil should be entered.

ENTER NUMBER OF SAMPLE DILUTIONS PER SAMPLE (MTN. 1, MAX. 4):

(User enters number of sample dilutions
made for each sample. If only one, a '1'
must be entered. Maximum that can be
entered is '4'.)

ENTER 'MLS OF SAMPLE' AT DILUTION 'n':

(User enters the number of millilitprs of
sAmple used at each dilution volume.)

!)TEP 7.) Unknown sbsorbances and sample numbers are now Pntered in~o
the program. A brief description of the sample entry procedure is
displayed at the terminal, then the following prompts are given.

ENTER SAMPLE NUMBER:

(User enters a numerical sample number.
The range the sample number can assume is

from I to q9999.)

ENTER ABSORBANCE AT SAMPLE DTLUTION 'n':

(User enters mensured absorbnnce at
indicated sample dilution.)

EXAMTNE ABOVE DATA. IF YOU WT3H TO CORRECT ANY

ENTRY, ALL DATA FOR SAMPLE (n) KUST BE RE-ENTERED.

...... ENTER '1' TO CORRECT DATA.

..... .NTER '2' TO CONTINUE WITH DATA ENTRY.

..... ENTER '999' TO TERMINATE DATA ENTRY.

( 11



ENTERRCHOICE:
(User enters 'I i f he wishes to correct

n data entry lust mnde, '2' to erter data
for another sample, or 999' to terminate
data entry.)

The user may enter absorbanep data for ui) to fifty (50) samples.

9TEP Q.) The user is now given the option of entering another set of
latq using the same regression curve. For example, if the us-r hod
data for more thnn 50 samples, he could use this fenture to avoid the
neressity of re-calculating the standard curve. This feature is also
helpful if some samples had different initial treatment (e.g.,
different dilution factor).

DO YOU WISH TO ENTER MORE DATA USING SAME STANDARD CURVE"

..... ENTER '1' TO COMPUTE ANOTHER DATA SET.

.....ENTER '2' TO EXIT PROGRAM.

ENTER CHOICE:
7 lser enters 'i' if he wishes to compute another set of data using

same regression cure, or '2'to exit
program.)

:>PEP 9.) At this point the following message is output to users
, -m'nsna1 qnd program execution ceases.

nOlWPTIT TATA FTT,E 'ASEAY.DATA' OREATED. END OF PROGRAM.

An ou+put data file nael 'ASSAY.DATA' was created by the program
in the user's directory. A hgadcopy printout of this file can bp
obtainod at the line printer located in the Institute's central
computing facility by entering the CLI command 'QPRTNT ASSAY.DATA'.

Hnrdcopy output provided hy the program to the user consists of
regression equation statistienl data (analysis of variance table
information along with statisti] inferences pertaining to computed

1?



regression coefficients), input standard curve data points, and
predicted values of absorbance (dependent variable) calculated using
the regression model. A low resolution graph of both the input
standard curve data points and the computed regression equation is
provided for visual inspection of the curve. Sample data output
includes assay parameters, input sample absorbances along with
corresponding actual concentration of test substance in the sample
material. Tf more than one dilution per test sample was performed,
the mean concentration is calculated. The output includes not only
the mean of all calculated values for each sample, but also sn
'adjusted mean'. The choice of the range (mean + I01) for accepting
values for the adjusted mean was purely arbitrary. The purpose of
this feature is not only to eliminate spurious values, but also to
allow the analyst to ascertain the variability of the assay. By
scanning one column in the output, one can quickly determino how mnny
(if any) dilutions yielded values which were more than 10% above or
below the mean. Examples of data output for both a linpir and
nonlinear assay are given in Appendix C.

CONCLUSIONS

The computer program described in this report provides a simplp
and accurate method for evaluating spectrophotometric assay data. It
is a general purpose program which will process any analytical data
that must be referred to a standard curve. It will accommodate up to
4 dilutions per sample and thus can handle batches of analyses with
widely differing concentrations of test substance. The program is
available to anyone at this Institute.

RECOKMENDATIONS

None.

13
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TABLE 1 - DEFINTTTON OF TERMS USED TN PROGRAM

STANDARD VOLUME: Actual volume (in milliliters) of standard used to
prepare each individual point in standard curve.

SS. TOTAL VOLUME: Standard or sample total volume (volume of standard

or sample plus diluent). This value must equal maximum volume of
standard.

STANDARD EQUIVALENT VOLUME: Input standard volumes scaled over the
range of 0.0 to 1.0 inclusive. The standard volumes are scaled
over this range for computational purposes and graphical
presentation of the standard curve in the program output data.

DTLUTION FACTOR: Initial dilution factor of sample material which
occurs during snmple preparation including dilution necessary to
bring absorbance of test substance into range of the standard
curve.

STANDARD CONCENTRATION: Concentration of test substance in the
standard used to prepare the standard curve.

SAMPLE DILUTION VOLUME: Actual volume of sample (in milliliters)
included in reaction mixture. This volume plus diluent must equal
the SS.TOTAL VOLuME.

MEAN CONCENTRATION: Computed average concentration of test subs+anc-
in sample if more than one sample dilution volume analyzed.

ADJUSTED MEAN CONCENTRATION: Computed average concentration of test
substance in sample excluding those values exceeding + 10f of the
computed mean concentration if more than one ssmple dilution
volume analyzed.

APPENDTX A
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TABLE 2 - PROGRAM ERROR CODES

STANDARD CURVE ENTRY: All errors detected by the program which are
related to standard curve data point entry are fatal to program
execution. The user must correct the problem in the data and
then access the program again. Errors at this point in the
program are always caused by failure to enter at least three data

points for a linear regression model, or a minimum of five data
points for a polynomial regression model. If an error is
detected, the following message will be displayed on the users
terminal: STOP "TNADEQUATE NUMBER OF DATA POTNTS".

SAMPLE HARDCOPY DATA OUTPUT: The following error conditions may be
detected by the program during computation of output data.

1.) If measured qbsorbance of test substance is outside the range
of the computed standard curve regression model, an error code of
'-111' will appear in the output data of the program in the
appropriate column. To correct this error the user must dilute sample
material to bring concentration of the test substance into range of
the standard curve.

2.) if the concentration of test substance at all dilution
volumes for a Riven sample exceeded + 10% of the computed mean
concentration, an error code of '- ' will appear in the 'ADJUSTED
MEAN CONCENTRATION' column of the output data.

APPENDIX A
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C **********************************************************************

C*

C * ASSAY DATA ANALYSIS PROGRAM - PROGRAM NAME: "ASSAY" *
C*

C * WRITTEN - MAY 1981 - J.-. KNUDSFEN, LAIR, DTV.nF RESEARCH *
C SUPPORT, ANALYTICAL CHF2ISTRY GROUIP *
C **

C * LAUAGE - DATA GENERAL FORTRAN V *
C*

C * PURPOSE *
C * *

C * PROGRAM TO PROCESS SPECTROPHOTOMETRIC ANALYTICAL DATA ASSOCIATED *
C * WITH CURVILINEAR ABSORBAW., E/CONCENTRATION RFLATIONSRIPS *

C * *

C * PROGRAM SYMBOL DEFINITION TABLE (EXCLUDING LOOP CONTROL INDEXES) *
C * ----------------------------------------- *
C * INTEGER VARIABLES *
C * *
C * IX - ARGUMENT SUBRT 'RLFOR'.INPUT ROW DIM OF MATRIX 'XYW' *
C * N - ARGUMENT SIIBRT 'RLFOR' .INPUT NUMBER OF DATA POINTS (STD CURVE) *
C * MDP - ARGUMENT SUBRT 'RLFOR' .CONTROL VECTOR OF LENGTH *

C * IB - ARGUMENT SUBRT 'RLFOR'.INPUT ROW DIMENSION OF MATRIX 'B' *
C * IP - ARGUMENT SUBRT 'RLFOR' .INPUT ROW DIMENSION OF MATRTX 'PREP' *

C * TER - ARGUMENT SUBRT 'RLFOR' .ERROR PARAMETER *

C * I ERROR - ARGUMENT SUBRT 'MONOT'. ERROR PARAMETER *
C * IERR - ARGUMENT SUBRT 'BSECT' .ERROR PARAMETER *
C * NVOL - MAX NUMBER OF DILUTION VOLUMES FOR GIVEN ASSAY *

C * SNUM - INPUT VARIABLE. TEMPORARTLY STORE SAMPLE NIMBER *
C * SNUMBER - VECTOR OF MAX LENGTH 50 TO HOLD SAMPLE NUMBFRS *
C * GRAPH - 'IWO DIMENSIONAL MATRIX TO HOLD LOW RESOLUTION GRAPH *

C * LABEL1 - VECTOR OF LENGTH 51 TO HOLD VERT AXIS LAPEL qF 'GRAPH' *
C * A - TEST INTEGER AND ARGUMENT OF SUBRT 'PLOT?' *
C * MTEST - TEST NTEGER.DFTERMII!ES IF MORE THAN ONE SAMPLE DATA *
C * ANALYSIS WILL BE PERFORMED USING SAME 'STANDARD CURVE' *

C * ITEST - TEST INTEGER.CONTROLS TYPE OF RFGRESSTON CURVE CALCULATED *
C*

C * REAL VARIABLES *
C * -- *-

C * ABSORBANCE - TWO DIM MATRIX TO HOLD INPUT SAMPLE ABSORRANCES *
C * CONC - TWO DIM MATRIX TO HOLD DATA FOR SAMPLE 'UNK<N(A'N' CONC *

C * LABEL2 - VECTOR OF LENGTH 51 TO HOLD VERT AXIS LABEL OF 'C.TAPH' *

C * MCPLUS - VARIABLE TO HOLD 'MEAN CONC + (MEAN CONC)*O DATA *

C * MCMINUS - VARIABLE TO HOLD 'MEAN CONC + (MEAN CONC)*Q DATA *
C * STAND - VARIABLE TO HOLD NUMERICAL PORTION OF STANDARD CONC *

C * DILFAC - VARIABLE TO HOLD SAMPLE DILUTION FACTOR *
C * SVOL - VARIABLE TO TEMPORARILY HOLD INPUT SAMPLE VOLUMES *
C * SVOLUME - VECTOR OF LENGTH 4 TO HOLD INPUT SAMPLE VOLUMES *
C * DAT - TWO DIM MATRTX TO HOLD STANDARD CURVE INPUT DATA *
C * MAXVOL - VARIABLE TO HOLD MAXIMUM STANDARD CURVE INPUT VOLUME *
C * MAXABS - VARIABLE TO HOLD MAXIMUM STANDARD CURVE INPUT ABSORBANCE *

APPENDIX B( 17



p * VALUE - VARIABLE TO TEMPORARILY HOLD TNPUJT STD CURVE INPUT DATA *

" * DIV - VARIABLE TO DIVIDE SAMPLE CONC BY ]000 IF 'DILFAC' > 1000. *

C * Q - VARIABLE SET TO .1 TO ARBITRARILY CONTROL EXCLUSION OF SAMPLE *
C * CONCENTRATION FROM MEAN AI.'nISTED CONCENTRATION TABULATION *
C*

C * DOUBLE PRECISION VARIAPLES *
C *------------- *

C * XYW - ARGUMENT SURRT 'RLFOR'.TWO DIM MATRIX (DATA POINT I/O) *

C* RSQ - ARGUMENT SUBRT 'RLFOR' .CONTROL DEGREE OF FITTED MODEL *

C * ALBP - ARGUMENT SUBRT 'RLFOR' .VECTOR OF LENGTH 2 CONTAINING RISK *
C * LEVELS *

C * ANOVA - ARGUMENT SUBRT 'RLFOR' .OUTPUT VECTOR OF LENGTH 13 *

C * B - ARGUMENT SUBRT 'RLFOR' .TWO DIM MATRIX(OUTPUT OF REGFRESSION *
C * EQUATION COEFFICIENTS AND OTHER STATISTICAL DATA *

C * WK - ARGUMENT SUPRT 'RLFOR' .WORK VECTOR *

r * PRED - ARGUMENT SUBRT 'RLFOR'.OUTPUT 'N' BY 6 MATRIX *

C * XTOL - ARGUMENT SUBRT 'RSECT'. SET EQUAL TO TOLERANCE REOUIRED *
C * BY 'BSECT' SUBROUTINE *
C * TEMP1 - TEMPORARY STORAGE VARIABLE *

C * TEMP2 - TEMPORARY STORAGE VARIABLE *

C * XLO - ARGUMENT SUBRTS 'BSECT','MONOT','PLOT2'.U)WER RANGE OF *
C * 'STANDARD FrUIVALENT VOLUME' *
C * XHI - ARGUMENT SUBRTS 'BSECT','MONOT','PLOT2'.UPPER RANGE OF *
C * ' STANDARD EnUIVALENT VOLUME' *

C * HDI - VECTOR OF LENGTH A CONTAINING ALPHAMERIC ASSAY DATA *
C * HD2 - VECTOR OF LENGTH 6 CONTAINING ALPHAMERIC ASSAY DATA *
C * HD3 - VECTOR OF LENGTH 6 CONTAINING ALPHAMERIC ASSAY DATA *

C * HD4 - VECTOR OF LENGTH 6 CONTAINING ALPHAMERIC ASSAY DATA *

C * HD5 - VARIABLE CONTAINING ALPHAMERIC ASSAY DATA *

C * COEFF - VECTOR OF LENGTH 6 CONTAINING REGRESSION COEFFICIENTS *

C * SAPS - ARGUMENT SUIBRT 'BSECT' .TRANSFER SAMPLE ABSORBANCE TO *

C * IIUBRT 'RSECT' *
(* *

C

C PROGRAM DATA TYPE STATEMENTS

INTEGER IX,N,MDP(3) ,IB,IP,IER,IERROR,NVOL,SNUM,IERR,
1 SNUMBER(50) ,GRAPH(0:50,0:100) ,LAREL1 (51) ,A,
1 TTEST,MTEST,NTEST

REAL ABSORBANCE(50,4) ,CO (50,R) ,LABEL2(51) ,MCPLUS,MCMINUS,
1 STAND,DILFAC,SVL, SVOLUME(4) ,DAT(30,3) ,MAXVOL,MAXABS,
1 VALUE,DIV,Q

DOUBLE PRECISION XYW(30,7) ,RSQ,ALBP(2) ,ANOVA(13) ,B(7,12) ,WK(100),
1 PRED (30,6) ,XTOL,TEMPI,1'EMP2,XLO,XHI,HD6,
I COEFF(e),HDI(4),HD2(4),Hn3(4),HDd(4),HD5,SABS,X

18
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C PROGRAM PARAMETERS

PARAMETER XHI=1.0, XLO=1.0F-8, XTOL=I.OE-;, Q'=I.0E-1

C PROGRAM SYMBOL INITIALIZATION qTATEMENTS

1 IE I I* I 1 4 1 1 1 , 1 I

DATA (LABELl(I) ,I=] ,51)/- ', ., ., ., ., ., ., ., ,' .,

1,1 ,, , ', ',, '/,(LABEL2(),JI,51)/'0.6' ,1 ,I'
1 f I f lfl I II II I I If )I I II II II II

F F I I F F.
1,' I' , ,' "7 ,' ' ' , I ' I ' ' ' 0.8' ' I I I ' I I 10.9 I U

RSQ=99.0
MDP(3)=I

ALBP(1)=0.05
ALBP (2) =0.05

IB=7
IX=lf)
IP=-30
N=n
VALUE=0. 0
DIV=1 .0
A=0
NTEST-O
MTE T-O

C DELETE DATA PPINTO1T FILE IF FILE CURRFNTLY TN EXTSTACE

OPEN 1, "ASSAY. DATA" ,AVP="OP",LEN=1 30
CLOSE 1
DELETE "ASSAY. DATA"

C PROGRAM INTRODUCTION AND DESCPTPTION AS DISPLAYED ON TERMINAL

TYPE"<NL><NL><NL> ASSAY DATA ANALYSIS PROGRAM"
TYPE"<NL>PURPOSE: FIT A LIN.EAR OR POLYNOMIAL REGRESSION ECXIATTON"
TYPE" TO A STANDARD CURVE USED TO CALIBRATE A CHEMICA L OR"
TYPE" MICROBIOLOGICAL ASSAY. A MINIMUM OF FIVE r)ATA"
TYPE" POINTS ARE RECIUIRED FOR A LINEAR RFGRFSSION ANALYSTS."
TYPE" A MINIMUM OF EIGRT DATA POINTS ARE RFCOMMENDEP FOR"
TYPE" A POLYNOMIAL REGREWrION ANALYSIS (MAXIMUM DEGREE OF"
TYPE" THE CALCULATED POLYNOMIAL 1; 4). AFTER REGRESSION"
TYPE" CURVE HAS BEEN CALCULATED, A MAXIMUM OF 50 UNKNOWNS"
TYPE" (ABSORBANCES) MAY BE ENTERED. CONCENTRATION OF UN-"
TYPE" KNOWN CORRESPONDING TO ENTERED ABSORBANCE WILL THEN"
TYPE" RE CALLCULATED USING REGRESSION EOUATION. FOLLOW"
TYPE" INSTRUCTIONS DISPLAYED ON TERMINAL FOR DATA ENTRY."
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TYPE"<NL><NL>"

PUFE "PREF,S <RETURN> TO CONTINUE"

TYPE" <NL><NL>STANDARD CURVE ENTRY ROUTINE: <NL>"

TYPE"<NL>ENTER STANDARD CURVE DATA POINTS AT THTS TIME, IN"
TYPE"INCREASING 'STANDARD VOLUME' ORDER. WHEN LAST DATA POINT"
TYPE"HAS BEEN ENTERED, IT IS NECESSARY TO ENTER '999' TO TERMINATE"
TYPE" STANDARD CURVE ENTRY ROUTINE.<NL>"

C STANDARD CURVE DATA POINT ENTRY ROUTINE

20 N=N+I
TYPE" ------------------------------------ <NL>"

24 WRITE(10,in0) N
WRITE (10,1005)
READ FREE (11) VALUE
DAT (N, 1) =VALUE
WPTTE (10,1010)
READ FREE (11) VALUE
DAT (N, 2) =VALUE

TYPE"<NL>EXAMTNE ABOVE FNTRIES. IF YOU WISH TO CORRECT"
TYPE"EITHER OR BOTH VALUE(S), ENTER 'I' BELOW.<NL>"

26 TYPE" ..... ENTER 'I' TO CORRECT DATA POINT ENTRY"
TYPE" ..... ENTER '2' TO CONTINUE WITH DATA POINT ENTRY"
TYPE" ..... ENTER '999' TO TERMINATE DATA POINT ENTRY"

ACCEPT"<NL>ENTER CHOICE: ", T

IF(I.EQ.1) GO TO 24
IF(I.EQ.2) GO TO 2P
IF(I.EQ.999) GO TO 30
GO TO 26

28 GO TO 20

30 TYPE"<NL><NL><NL><NL>"
TYPE"ENTER TYPE OF REGRESSION CURVE DESIRED - LINEAR OR POLYNOMIA
1L<NL>"

TYPE" ..... ENTER 'I' FOR LINEAR REGRESSION CURVE."
TYPE" ..... ENTER '2' FOR POLYNOMIAL REGRESSION CURVE."

ACCEPT"<NL>ENTER CHOICE: ", ITEST

IF(ITEST.EQ.2) MDP(1)=4

20
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IF(ITEST.NE.I.AND. ITEST.NE.2) GO TO 30

C DETERMINE MAXIMUM VOLUME (MAXVOL) AND MAXIMUM ABSORBANCE

C (MAXABS) OF STANDARD CURVE.

34 MAXABS=O.
MAXVOL=0.
DO 50 I=1,N-1

IF(DAT(I+1,1).GT.YT(I ,i)) MAXVOL=DAT(I+1,1)
IF(DAT(I+1,2) .GT.DAT(1,2)) MAXABS=DAT(I+1,2)

50 CONTINUE

C SET A=l IF 'MAXABS' > 1.0

IF(MAXABS.GT.1.) A=l

C DIVIDE INPUT STANDARD VOLUME BY 'MAXVOL' TO SCALE RANGE OF
C STANDARD CURVE OVER INTERVAL 0.00 TO 1.00. TRANSFER STANDARD
C CURVE FROM ARRAY 'DAT' TO ARRAY 'XYW' FOR INPUT TO SUBROUTINE
C 'RLFOR'. SET 'XYW(I,3)' = 1.0 FOR UNWEIGHTED REGRESSION COEFFICIENTS.

DO 60 I=1,N
DAT(I,3)=DAT(I,1)/MAXVOL
XYW(I,1)=DAT(I,3)
XYW(I,2)=DAT(I,2)
XYW(I,3)=1.0

60 CONTINUE

C CALCULATE REGRESSION EQUATION USING IMSL SUBROUTINE 'RLFOR'.

70 TYPE"<NL><NL>CALCULATING POLYNOMIAL REGRESSION EQUATION.< lL><NL>"

CALL RLFOR (XYW,IX,N,RSO,MDP,ALBP,ANOVA,B,TB,PRED,TP,WK,IER)

C ABORT PROGRAM IF 'IER' GREATER THAN 100

IF(IER.GE.100) STOP "INADEQUATE NUMBER OF DATA POINTS"

C TRANSFER REGRESSION EQUATION COEFFICIENTS TO ARRAY 'COEFF'.

COFFF(1)=B(MDP(2)+1 ,2)
DO 80 I=1,MDP(2)

COEFF(I+1)=B(I,2)
80 CONTINUE

C IF LINEAR REGRESSION EQUATION CALCULATED DO NOT DETERMINE
C MONOTINICITY OF EQUATION.

WRITE(10,1210) MDP(2)
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IF(ITES'.FQ.1) GO TO 100

C rT PonYNOMIAr. REGRESSION EQUATTON CALCULATED USE SUBROUTINE
C 'MONOT' TO OETERMINE IF EOUATION IS MONOTNIC.

CALL MONOT (COEFF,MDP(2),XHI,XLO,IERROR)

C IF REGRESSION EQUATION NOT MONOTONIC NOTIFY USER TO RECHECK
C STANDARD CURVE DATA FOR CORRECTNESS OR SUGGEST HE PREPARE NEW
C STANDARD CURVE.

IF(IERROR.EQ.0) GO TO 300
NTEST=-1

TYPE"<NL><NL><NL>CAUTION: CALCULATED REGRESSION EOUATION IS NOT"
TYPE"MONOTONIC. SUGGEST USER RE-CHECK STANDARD CURVE DATA FOR"
TYPE"ACCURACY. IF STANDARD CURVE DATA ENTERED CORRECTLY USER"
TYPE"SHOULD CONSIDER PREPARING NEW STANDARD CURVE. UNKNOWN"
TYPE"SAMPLE DATA WILL NOT BE ACCEPTED BY THE PROGRAM. STATISTICAL"
TYPE"DATA AND PLOT OF REGRESSION ECUATION IS AVAILABLE TO USER"
TYPE"IN FILE NAMFD 'ASSAY.DATA'. <NL><NL,"

PAUSE "PRESS <RETURN> TO CONTINUE"

GO TO 302

C INPUT AT TERMINAL ASSAY INFORMATION (NAME, DATE OF ASSAY,TYPE,
C INVESTIGATOR AND INFORMATION REUIRED FOR UNKNOWN CONCENTRATION
C CALCULATION.

100 WRITF (I,12, ?)
READ(R1,1250) (HDI(I),F=1,4)
WRITE (10,1235)

- READRI1,1250) (HD2(1),T=.I,4)
WRITE (10, 1240)
READ(11,1250) (HD3(I),I=1,4)
W1RITE (10, 1245)
RFAD(lI,1250) (HD4(I),I=l,4)
WRITE (10, 1?';)
WRITE (10,126if)
READ FREE (ii) STAND

4 WRITE (10,1 2r5)
READ(1,1270) HD5
WRITE (10,1275)
READ FREE (ii) nILFAC

IF(DTLFAC.GE.1000.) GO TO 130
GO TO 135
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130 WRITE(I0,127V)
WRITE (10,1277)
RFAD(il,1270) HDA
DIV=1000.

135 WRITE(10,1780)
READ(1,1285) NVOL

IF(NVOL.LT.1.ER.NVOL.GT.4) GO TO 139

DO 140 I=INVOL
WRITE(10,1290) I
READ FREE (11) SVOL
SVOLUME (I)=SVOL

140 CONTINUE

C INITIALIZE ELEMENTS OF 'CONC' ARRAY TO ZERO.

DO 145 1=1,50
DO 145 J=1,8
CNC (I ,j) =0.

145 CONTINUE

TYPE"<NL><NL>SAMPLE DATA FNTRY ROUTINE<NL>"
TYPE" 1.) ON PROMPT - ENTER SAMPLE NUMBER."
TYPE" 2.) ON PROMPT - ENTER 'ABSORBANCF' AT TNIDICATED ILUTION"

TYPE" VOLUME."
TYPE" 3.) IF YOU ARE MISSING AN 'ABSORBANCF' AT INDICATED"

TYPE" DILUTION VOLUME, ENTER '0'.<WL><NL)"

KT-

150 KT--KT+I
TYPE"---------------------------------------- <NL>

155 WRITE(10,1295) KT
WRITE (10,1300)
READ FREE (11) SNUM
SNUMBER (KT)=SNUM

DO 180 I=I,NVOL
WRITE(if,1305) I
READ FREE (11) SABS
ABSORBANCE (KT, I)=SARS
IF(ABSORBANCE(KT,I).GT.0.) GO TO 160
CONC(KT,I)=0.0
GO TO 180

160 CONTINUE

C USE SUBROUTINE 'BSECT' TO CALCULATE 'STANDARD E(UIVALEWT VOLUME'

23
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C FROM 'UhMNCI4N SAMPLE ABSORBANCE.

CALL BSFCT (SABS,X,COEFF,MDP(2) ,XLO,XIT,XTOL,IERR)

C IF IERR=O, SET COCNC(KT,I)=X. IF IERR=1, SET CONG(KT,I)=-111.
IF IERR=2, SET CONC(KT,I)=-222.

IF(IERR.EQ.O) CONC (KT,I)=X
IF(IERR.EQ.1) CONC(KT,I)=-I].
TF(IERR.EO.2) CONC(KT,T)=-222.

180 CONTINUE

IF(KT.EO.50) GO TO 184
GO TO ]Sri

184 TYPE"<NL><NL>CAUTION: YOU HAVE ENTERED ABSORBANCE T)ATA FOR 50"
TYPE"SAMPLES. YOU MUST NOW ENTER '999' BELOW AND TERMINATE DATA"
TYPE"ENTRY. 'TO ENTER MORE ABSORBANCE DATA USING SAME STANDARD"
TYPE"CURVE ISE PROGRAM CONTINUATION OPTION TO BE PRESENTED"
TYPF"BELCl'. <NL><NL>"

18f TYPE"<NL>EXAMINE ABOVE DATA. IF YOU WISH TO CORRECT"
TYPE"ANY ENTRY, ALL DATA FOR SAMPLE ",SNUM," MUST"
TYPE"BE RE-ENTERED. <NL>"
TYPE" ..... ENTER '1' TO CORRECT DATA FNTRY."
TYPE" ..... ENTER '2' TO CONTINUE WITH DATA ENTRY."
TYPE".....ENTER '999' TO TERMINATE DATA ENTRY."

190 ACCEPT"<NL>ENTER CHOICE: ", I

IF(I.FQ.l) GO TO 155
TF(I.EO.?) GO TO 150
IF(I.EQ.999) GO TO 205
G0 'TO 190

C CALCULATE SAMPLE 'UNKNCON' CONCENTRATION FROM 'STANDARD VOLUME
C FQUIVALFNT' OF 'UNKNOWN' OBTAINED FROM 'BSECT' SUBROUTINE.

205 DO 300 I=1 ,WT
TEMP1=O.
K=O

DO 240 J=1,NVOL
IF(CONC(T,J).GT.O.) GO TO 210

GO TO 240
210 CONC(I,J)=(CONC(I,J)*MAXvOL*STAND*(I./SVOLIME(J))*DILFAC)

CONC (I, J)=CONC (I ,J)/)TV
TFMP1--TFMPI+CONC (I ,J)
K=I<+I

240 CONTINUE
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CONC (I,5)=TEMPI/XK

C CALCULATE +/-(MEAN CONCENTRATION)*Q. IF ANY INDIVIDUAL 'UNKNOWN'
C CONCENTRATION EXCEEhS +/-(MEAN COCW + (MEAN CONC) *Q) DO NOT INCLUDE
C THAT 'UNKNOWN' CONCENTRATION IN 'AVERAGE MEAN ADJUSTED CONCMI TION'.

MCPLUS=C c(I ,5)+ (CONC(I ,5) *)"TNWUS=CONC (1, 5)- (CONC (1, 5) *Q)

TEP2=0.
K=0ODO 270 L=1,NVOL

IF(CONC(I,L).GT.0) GO TO 260
GO TO 270

260 IF((CONC(T,L).GT.MCPLUS) .(F.
1 (CONC(I,L).LT.MCIM 7US) ) GO TO 270

TEYAP2--TEMP2+COC (I, L)
K--K+1

270 CONTINUE

M=NVDL-K
IF(K.E0.0) GO TO 275

GO TO 280
275 CONC(I,7)=-333.

GO TO 290
280 CONC(I,7)=TEMP2/K
290 CC(If)=M

CONC (1,8)=K

300 CONTINUE

C TEST TO DETERMINE IF 'MTEST' FLAG HAS BEEN CHANGED TO '2'. TF
C NOT, OPEN FLIE FOR INITIAL DATA FNTRY. IF 'MTEST'= 2, BRANCH TO
C LINE 450 TO ADD NEW OUTPUT DATA TO FILE.

IF(MTEST.E0.1) GO TO 450

C OPEN CHANNEL '1' FOR USE IN CREATING DATA OUTPUT FILE.

302 OPEN 1,"AqSSAY.DATA" ,A'1="OP" ,LEN=130

C CREATE FILE OF OUTPUT DATA NAMED 'ASSAY.DATA'.

WRITE (1, 1015)
WRITE(1,1018)
WRITE(1,1020) MDP(I)
WRITE(1,1022) MDP(2)
WRITE (1,1025)
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WRITE (1, 1030)
WRITE (1,1033)
WRITE (1,1035)
WRITE (1,1038)
WPITF.(1,1040) ANOVA(1) ,ANOVA(4) ,ANOVA(7) ,ANOVA(9) ,ANOVA(I0)
WRITE(1,1043) ANOVA(2),ANOVA(r)),ANOVA(8)
WRTTE (1,1045) ANOVA (3) ,ANOVA.(A)
WRITE (1,10-30)
WRITE (1,1047)
W4RITE (1,1050)
VRITE (1,1053)
WRITE (1, 1055)
WRITE (1,1057)
1WRTTE (1, 1058)

DO) 400 7=1,M DP (2)

400 CONTINUE

WRITE(1,1050)

WRITE(1,l0r;7) ANOVA(12)
WRITE(1,17) IERA12
WRITE (1,1085) F
WRITE (1,1090)
WRITE (1, 103)
WRITE (1, 1091)
WRITE (1,1095O)
WRITE(1 ,1097)
WRTEF (1,1097)
WRITE (1,108
IA'PTF~ (I, 1100)

DO 42?0 T=1,N
RE;=DAT(I ,2)-PRED(I ,1)
WRITE(l,1105) T,rAT(T,1),DAT(I,3),D)AT(I,2),PRED(I,1),RFS

420 CONITINMUE

WRITE '1,1030)
WRITE (I, 107)

4 WRITE(1,l110)

C CALL PLOTI AND PLOT? SUBROUTIES TO~ CREATE LOW RESOLUTION GRAPH
C OF INPUT STD CURVE DATA POINTS AND CAMLILATED REXGRES-SION EFJATION.

CALL PLOTI (GRAPH)
CALL PLOT2 (GRAP,N,DAT,MDP(2) ,COEFF,A)
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WRITE (1,1089)
WRITE (1, 1430)
WRITE (1 ,1432)
WRITE (1,4434)

430 WRITE(1,1435) LABEL1(I),IABFL2(I),(GRAPHi(J,K),K=0,1.00)
J='3-1
1=1+1
IFG1.GF.0) GO TO 430

CONTINUE

IF(A.EQ.0) GO TO 435
GO TO 440

435 WRITE(1,1440)
GO TO 445

440 WRITE(1,1442)
445 WRITE (1, 1445)

C IF REGRESSION EQUATION NOT MOONIC DO NOT ADD LNOW(~N C(~FNT7RATTOM
C DATA TO OUTPUT DATA FILE.

* IF(NTEST.EQ.1) GO TO 360

450 WRITE (1 ,1310)
WRITE (1,1315)

* WRITE(1,1320) (HDl(I),I=1,4),STAND,HD5
WRITE(1,1325) (HD2(I) ,I=l,4) ,DILFAC

IF(DILFAC.GT.1000.) GO To 304
GO TO 30A

304 WRTT(1,1335) (HD4(I),I=1,4),HDr
GO TfO 308

306 WRTTE(1,1335) (HD4(I),I=1,4),HD5

308 DO 310 1=1, NOL
WARIT(1,1340) I,SVOLIJME(T)

310 CONTINUE

W4RITE (1., 134 5)
WRITE(1,1350)
WRITE (1, 1355)

WRITE(1,1365)
WRTTE(1,1370)0
WRITE (1,1379)0
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non r0 =i V
0.t1. (1 IRfO) SK~UMBREP (T) , (ABSC)RPANCE (I ,I) J= 1 ,4)

1 (CON(I,I),K=1,R)

WARTTE (!I rO)
WRITE (1 ,1 Pr-)
WR ITF (1 , 1190)
WPITE (1 , 1 V)
WRI'TE(1,1 MOO)*1 WRITE (1, 1415)
WA.RITE(1,1490) 0

350 TYPF"(NL><NL><NL>(NL>"
TYPE "DO YOW WISH TOX ENTER MORE DATA USING SAWE STANDARD CURVE?<

1NL>"
TYIPE"...ENTER 'I' TO CONTINUE DATA ENTRY"
TYPE ..... ENTER '2' TO EXTIPRCXRPM"

ACCEPT"<NL>ENTER CHOICE': ", WTEST
TYPE" (NL><NL><NL>4asL> "

TF(MTEST.FQ.1) GO TO 100
IF(MTEST.FQ.2) GO TOX 160
IF(MTlEST.NE.I.AND.MTEST.N.'I GO TO 350

160 CLOSr 1

C TERMINAL DATA TN PUT AflP STATISTICAL OUTPUT FORMAT STATEMENTS.

1000 f-rRMAT(/,"r)ATA POINTNO:I,/
1005 FORMAT(Z,"ENTFR VOLUME OF STANDARD ('IND' VARIABLE): "
jln FORMAT (Z, "ENTER MEASUIRED ABSORBANCE FOR ABO"rE VOLUM('D)FP' VARIARL

CIE): ")
1015 FORMAT(1X,"* STATISTICAL DATA -- > CAfLrIJLATED) POLYNOMIAL REGRE,'SlI

ION EQUATION ***I")
101 P FORMAT ().X --------------------------------------------------------

1020 FORMAT(1X,"PECUFSTED DEGREE OF REGRESSION EQUATION: ",T])
1022 FORMAT(1X,"DEGREE OF CALCULATED REGRESSION EQUATION: ",Ii,/)
1025 FORMAT(lX,"** ANALYSIS OF VARTANCE**)
1030 FOPMAT(lX,--------------------------------- --------- --------

1033 FORMAT (X, '*",?X, "qOARCE OF",PX, "DEGREES OF",3X,"UMS OFll,5X,llMFAl\
I ",f6X,'Cn1PlIT~F0",6X, "TAIL AREA" ,f6X,l*ll)

13c FORMAT (.X, "* ", 2X, "VAR IATION" ,9X, " FREEDOM" , 9X, "SQUARES", AX, "SOUARES

1,4X~ - - --- l~rX~@ --- ---- --- F---./
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104-1 FORM4AT(1X,3X,"RESTDJAL" ,11X,F4.0,5X,F9.5,2X,F'9.5)
1045 FORMAT(lX,3X,-CORRECTED TOTAL" ,AX,F4.O,5X,F9.5)
1047 FORMVAT(//////,IX,"** REGJRESSION COEFFICIENTS **fl)
1050 FORMAT (iX,- ------ ------------- ----------------------

I1--------------------------------------------------- It)
1053 FORMAT(1X,"u*E,50X,-LOWERK ,7X,"JPPER" ,6X,-ADJUSTED-,3X,"PARTIAL-,17

1055 FORMAT (IX, "","DEGREE-, 5X, -VARIABLE- ,4X, -REGRESSION-, 4X ,"qTANDNRD"
1 ,3X, "CCNJFIDENCE" ,2X, "CON~FIDENCE" ,3X, "SUMS OF" ,4X, "F-TEST--15X,-TATL
1 A-REA"1,4X,v*s")

1057 FORMAT(IX,"*"-,-OF IEM,;,MkSX"OFTIN';,X"RO"7
1,"LIMIT",7X,LIMIT,6X,"SUAES",4X,VAUJES,3X,F-ISTRTBBUTTON",I
lx,11*11')

10~58 ---------T Ix,"----- ------ ---- ,"",X, - 'it

1 ---------- 1d
1060 FORMAT(X,X,"X**",I,7X,F8.5,2,F1.8,3X,Fr.5,3X,F.8.6,4X,p8.4,4X,

1F9. 5,2X,F8.4,2X,F14.9)
10063 FYRAT(X,X,"ITWERCET:",X,F.5,2X,F13.8,3X,FRP.5,3X,FR.,dX,FR.4

1,4X,F9.5,2X,F8.4,2X,F1/4.9)
1065 FORMAT (//,1IX, "PERCENTAGE OF VARIATION FXPLATNEP) BY E.STIMATED MOP)FT,

1: ",F10.6)
106f7 FORMAT (I X, "STANDARD DEVIATION OF RPiST1YJAL.S;: ",FIO.f6,/)
1070 F'DEMAT(IX,"POLYNOMTAL C7AWUEATION SUBROUTINE ERROR PARAMETER: "I

1)
1085 FORMAT(1lV1)
1090 FORMAT(1X,"*** INPUT DATA AND PREDICTED VALUES FROM4 MODEL**)
1.093 FORMAT(lX, --------------------------------------

1)

1097 FORMAT (1X,* -, 16X, "INPUT" , 7X, "SCAR", 9X, "-Y--,1X, "Y-, 2,
109S FORMAT (lX,"-*- ,2X,"-DATA PmINT" , 3X, "STANDARD",4X, "STAND)ARD" ,7X," INRI

IT" ,7X, -PREDTCTED" , 20X, l*"1)
1100 FORMAT (I X, "* ", 4X, "NUMBER", 6X, "VOLUME", AX "FO. "AOhIJMF--,4X,--AScORRAN

I.CE", 4X, "ABSORRA1rE" ,4X, "RESIDUAL \lALJE" ,iX,l"*vl)
110-1 FORMAT (lX,3X, ------ -",3X , ------ ,3X ,1 ------- ,4Xl ,----

1105 FORMAT(X,7X,2,7X,F7.e%,X,F.,8X,F.4,Rx,F.4,9X,F7.5)
1107 FORMAT(/,1X,7X,"lX INDEPENDENT7 VARIABLE")
111n FORMAT(1X,7X,"Y ->DEPENDENT VARTABLE")
121n FORMAT ("POLYNOMTAL RFXRESSIOWT EQUJATION OF DEGREE ",I1 ," "AS BEEN r'

1ALCULATED.",//)
C FORMAT STATEMENTS FOR UNKNOW.AN SAMPLE DATA OUJTPUT AND INPUT.

1230 FORMAT(Z,"ENTFR TYPE OF A!SSAY: "

1235 FORMAT (Z, "ENTER DATE OF ASSAY: "

1240 FORMAT(Z,"'ENTEP TYPE OF SAMPLE: "

1245 FORMAT(Z,"ENTER NAME OF INVESTIGATOR: "
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1250 FORMAT(4A8)
1255 FORMAT(/,"STANDARD CONCENTRATION DATA: ")
1260 FORMAT( ..... ENTER NUMERICAL PORTION OF STANDARD CONCENTRATION:

IZ)
1265 FORMAT(" .... ENTER UNITS OF STANDARD (EXAMPLE: GM/ML): ",Z)
1270 FORMAT(A6)
1275 FORMAT(/,"ENTER NITIAL DILUTION FACTOR OF SAMPLE MATERIAL: ",Z)
1276 FORMAT(/,"CAUTION: DILUTION FACTOR GREATER THAN I000",/,X,"YOU MI!

1ST INCREASE UNITS OF STANDARD BY A FACTOR OF O1f.",//,9X,"IF UNIT
IS OF STANDARD WERE 'NG/ML', CHANGE TO 'UG/ML' ",/,9X,"IF UNITS WER
IE 'UG/ML', CHANGE TO 'MG/ML ",/,9X,"IF UNITS WFRE 'MG/ML', CHANCW
I TO 'GM/ML' ",/)

1277 FORMAT (Z," . ENTER NEW UNITS FOR STANDARD: ")
1280 FORMAT(/," ENTER NUMBER OF SAMPLE DTLUTIONS PER SAMPLE (MINIMUM 3,

1 MAXIMUM 4): ",Z)
iR FORMAT1)
1290 FORMAT(" .... ENTER 'MLS OF SAMPLE' AT DTLUTION ",If," : ",Z)
1295 FORMAT(/,"DATA ENTRY: ",13,/)
1300 FORMAT("ENTER SAMPLE NUMBER: ",Z)
1305 FORMAT(" ..... ENTrER ABSORBANCE AT SAMPLE DILUTION ",1,": ",Z)
1.310 FORMAT(IH1,"***ASSAY REGRESSION PROGRAM - SAMPLE DATA OUTPUT***")
1319 FORMAT (IX, ,/----------------------

1/)
1320 FORMAT(IX,"TYPE OF ASSAY:",8X,4A8,9X,"ASSAY PARAMETERS -> STANDARD

1 CONCENTRATTON:",]X,F7.2,1X,A6)
1325 FORMAT(1X,"DATE OF ASSAY:",PX,4A8,9X,"---- ------ SAMPLE D

1ILUTION FACTOR:",IX,F7.2)
1330 FORMAT1X,"SAMPLE TYPE:",J0X,4A8,29X,"NO. OF SAMPLF DILUTIONS:",jX

1,Tl)
1335 FORMAT (IX, "NAME OF INVESTIGATOR:", 3 X,4A8,29X,"SAMPLE CONCENTRATION

1 UNITS: ",A6,/)
1-mn FORMAT(1X,P3X,"SAMPLE DILUTION ",II," = ",F5.3," ML ")
1345 FORMAT(/)
] 3S0 FORMAT (IX, "-- - - -------------

1--------~lX--------------------- -------------------
1-")

[r'5 FOPMAT (X,"*",li ]X, "*",31X,"*",31X,"*",8X,"*", 5X,"AnUJSTFD CON ENTR

I ATTnThi" ,RX, "*")
1 V FORMATT(IX,"*",IIX,"*",6X,"A B S 0 R B A N C E",rX,"*",3X,"C 0 N C

I E N T R A T T ) N",3X,"*",X,"MFAN",2X,"*",2X,"NO.OF DIL VOLs",?X
S, " * " , 1 X , " A rq ]IJS T E D " , I X , " * " , I X , N o . ., ] X , " * ll " )l c w l ? X f ~ o 4

1165 FORMAT (IX, "*",IX, "SAMPLE NO.*",31X,"*",31X,"*",2X,"CONC" ,2X,"*",lX
1 ,"EXCEEDING" ,5X, "*",3X, "MEAN", 3X,"*" ,l]X," IN" , 2X,"*")

1370 FORMAT(IX,"*",IX,h"*",1X,"DIL 1 DIL 2 DTL 3 DIL 4",3X,"*",X
I,"DTL I DIL 2 DIL 3 DIL 4",1X,"*",2X,"(MC)",2X,"*",IX,"+/-("
I,F3.2,"*MC + MC) "

1375 FORMAT(X,IX,"-------------
--- --------------------

1380 FORMAT(]X,3X,4,7X,F5.3,3X,F5.3,3X,F5.3,3X,F5.3,2X,F,.1 ,2X,F6.1,X
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1 ,F6.1,r2X,Ff;.1,!3XF6.1,1IX," [ °,PX× F2.nr, 11×, Ff;. 1 4X, F2.(), 2X,! I")

1385 FORMAT(//)
1390 FORMAT(IX,"ERROR CODES - CONCENTRATION CALCUIATION ROUTINE")
1395 FORMAT (X," ---------------------------------- "I)
1400 FORMAT(IX," 1.) -111. IN CONCENTPATTON COLUMNS TNDTCATEq THAT

1 SAMPLE ABSORBANCES NOT IN RANGE OF STANDAPD CURVF." ,/)
1415 FORMAT(IX," 2.) -333. IN ADJUSTED COCWENTRATION COLIUMNS NDTCA

ITES THAT THE CONCENTRATION OF UNKNOWN AT ALL DILUTIONS")
1420 FORMAT(IX," EXCEEDED -> +/-(",F3.2,"*MC + MC).")
1430 FORMAT(IX,18X,"*** CALCULATED REGRFSSION EQUATION - LOw RESiOLUTION

1 PLOT - [X-AXIS VERTICAL; Y-AXIS HORIZONTAL! ***",/)
1432 FORMAT(IX,82X,"SYMBOL FOR INPUT DATA POINTS: -> 0")
1434 FORMAT(IX,82X,"SYMBOL FOR REGRESSION EQUATION: -> Al,/)
1435 FORMAT(IX,10X,AI,2X,A3,IX,JOIAI)
1440 FORMAT(IX,16X,"0.0 0.1 n.2 0.3 0.

1.5 0.6 0.7 0. 0.1 .",/)
1442 FORMAT(IX,16X,"O.0 0.2 0.4 I.

1.0 1.2 1.4 1.6 1.8
1445 FORMAT(IX,57X,"A B S 0 P B A N C E",/)

9000 STOP "OUTPUT DATA FILE 'ASSAY.DATA' CREATFO. FNTP OF PRCrnAM"
9999 END

mooe=-



* UBROUTINb: 'BSECT' - CALLING PROGRAM NAME: 'ASSAY' *

* WRITTEN MAY 1981 - J.J.KNUDSEN, LAIR, DIV. OF RESEARCH SUPPORT *
C * ANALYTICAL CHEMISTRY GROUP. *

C * LANGUAGE - DATA GENERAL FORTRAN V *

" * PURPOSE OF SUBROUTINE *

C POLY(X) IS A POLYNOMIAL IN X OF DEGREE 'NDEG'. *

C * POIY(X) = COEFF('ZERO') + SUM COEFF(1)*X**I *
C*

O3 * WHERE: I = I TO NDEG
C * *

C * POLY(X) IS DEFINED FOR 'X' BETWEEN 'XLO' AND 'XHI'. GIVEN A *
C * PARTICULAR NUMBER 'Y', THIS SUBROUTINE FINDS THE VALUE OF 'X' *
C * FOR 4HICH 'Y'-POLY(X). IN OTHER WORDS IT NUMERICALLY SOLVES THE *
C * EQUATION *
C

C * F(X) = POLY(X) - 'Y' = 0
C*

C * FOR A UNIQUE SOLUTION TO EXIST, POLY(X) MUST BE MONOTONIC AND 'Y' *
C '.UJL2T LIE BETWEEN PGLY('XLO') AND POLY('XHI'). *

C * *

C * DElSCRIPTION OF ALGORITHM *
O * *

C * THE ROOT OF THE POLYNOMIAL LIES ON THE INTERVAL (A,B)=(XLO,XHI). *
* THIS MEANS THAT 'F' CHANGES SIGN ONCE ON THE INTERVAL, SO THAT *

, * F(A)*F(B) < 0. PICK A POINT MIDWAY BETWEEN A AND B (CALL IT X). *

C * IF F(A)*F(X) < 0, THE ROOT IS BETWEEN A AND X; B IS THEN ASSIGNED *
* THE VALUE OF X. IF F(A)*F(X) > 0, THE ROOT IS BETWEEN X AND B; *

C * A IS THEN ASSIGNED THE VALUE OF X. AT THIS POINT WE KNOW THAT THE *
* ROOT 1: BET4EEN A AND B, BUT THE INTERVAL OF UNCERTAINTY, (B-A), *

C * IS HALF AS LARGE AS IT WAS INITIALLY. THE BEST GUESS FOR THE ROOT *
C * IS (A+B)/2, AND THE MAXIMUM ERROR IN THIS ESTIMATE IS IS (B-A)/2. *
C * KEEP REPEATING THE ABOVE UNTIL THE ERROR IS SMALLER THAN 'XTOL', *
C * WHICH HAS BEEN SUPPLIED TO THE SUBROUTINE AS A FORMAL PARAMETER. *
C*

C * IN SUMMARY, EACH ITERATION HALFS THE MAXIMUM ERROR IN THE ESTIMATE *
C * OF THE ROOT. THIS ALGORITHM DOES NOT CONVERGE AS FAST AS SOME *
C * MORE SOPHISTICATED METHODS (E.G., NEWTON'S METHOD OR MODIFIED *
C * REGULA FALSI), BUT IT IS GUARANTEED TO FIND THE ROOT. OTHER ALGOR- *
C * ITHMS ARE SOMETIMES TEMPERAMENTAL.
C* *

C * SUBROUTINE FORMAL PARAMETERS *
C - - - - - -
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C INTEGER
C - *

C * IERR - SUBROUTINE ERROR PARAMETER *

c * I.) ET = 0 IF NO ERRORS ENCOUNTERED *

C * SET = 1 IF NO SOLUTION EXISTS TO EQUATION OVER *

C * INTERVAL 'XLO'- 0.0 TO 'XHI'- 1.0 *
C * . SET = 2 IF NO SOLUTION FOUND TO EQUATION IN MAXIMUM *

C * NUMBER OF ITERATIONS ('MAXITR') *
C * NDEG - DEGREE OF REGRESSION EQUATION GENERATED BY CALLING *
C * PROGRAM 'ASSAY' *
C*

C * DOUBLE PRECIION *
C -
C * Y - INPUT 'UNKNOWN' SAMPLE ABSORBANCE *

C * X - OUTPUT 'STANDARD VOLUME EQUIVALENT' (ESTIMATE OF ROOT OF
C * EQUATION AT INPUT 'UNKNOWN' ABSORBANCE). *
C * COEFF - VECTOR OF LENGTH 6 CONTAINING REGRESSION COEFFICIENTS *
C * XLO - OWE1 . LIMIT OF 'STANDARD VOLUME EQUIVALENT' *
C * SET = TO 0.0 *

C * Xlii - UPPER LIMIT OF 'STANDARD VOLUME EQUIVALENT' *
C * SET = TO 1.0 *

C* XTOL - TOLERANCE VALUE FOR MAXIM!YX ALLOWED ERROR IN CALCULATED *

C * ROOT. SET = To 1.0E-5. *
C*

C SUBROUTINE SYMBOL DELFINITIONS (EXCLUDING FORMAL PARAMETERS)
----------------------------------------------------------------

C INTEGER VARIABLES *
C - - *

* NDEGPi - DEGREE OF REGRESSION EQUATION + 1 (LOOP CONTROL) *

C * MAXITH1 - MAXIMLU4 NUMBER OF ITERATIONS ALLOWED TO SOLVE EQUATION *
C * WITHIN GIVEN ERROR TOLERANCE *
C * IPR - VARIABLE: CONTAINING COUNT OF NUMBER OF ITERATIONS COMPLETED *

C * BY ROUTINE *
C 4* *

C 4 DOUBLE PRECISION VARIABLES *

3 XERROR - VARIABLE SET = TO XERROR/2 DURING EACH ITERATION OF *

C * SOLUTION ROUTINE. INITIAL VALUE = ABS('XHI'-'XLO'.
C * A - T94P STORAGE VARIABLE. INITIAL VALUE = 'XHI' *

C * B - TEMP STORAGE VARIABLE. INITIAL VALUE - 'XLO' *

C POLYA - VARIABLE SET = TO SOLUTION Of POLYNOMIAL AT 'XLO' *
* POLYB - VARIABLE SET - TO SOLUTION OF POLYNOMIAL AT 'XHI' *

C * POLYX - VARIABLE SET = TO SOLUTION OF POLYNOMIAL AT ROOT EST 'X' *

C * FA - VARIABLE SET = TO 'POLYA - Y' *
C * FB - VARIABLE SET = TO 'POLYB - Y' *

C * FX - VARIABLE SET - TO 'POLYX - Y' *

C*
C

SUBROUTINE BSECT (Y,X,COEFF,NDEG,XLO,XHI,XTOL,IERR)



C SUBROUTINE DATA TYPE STATEMENTS

INTEGER NDEG,NDEGP1 ,IERR,MAXITR,ITR

DOUBLE PRE:CISION Y,X,COEFF(6),XLO,XHI,XTOL,XERROR,A,B,FA,FB,
I FX,POLYA,POLYB,POLYX

C SUBROUTINE SYMBOL INITIALIZATION STATEMENTS

ITH-0
I ERR =0
MAXITR-20
A-XLO
B-XHI
XERROH-DABS(B-A)
NDEGPI=NDEG+l

C EVALUATE POLYNOMIAL GENERATED BY 'ASSAY' USING HORNERS METHOD
C AT 'XLO' AND 'XHI'.

POLYA-O.
POLYB-O.
DO 20 I=1,NDEG

POLYA-(POLYA+COEFF(NDEGPI-I+1 ))*A
POLYB= (POLYB+COEFF(NDEGP -I+1 ) )*B

20 CONTINUE

POLYA=POLYA+COEFF(1)
POLYB-POLYB+COEFF( 1)
FA=POLYA-Y
FB=POLYB-Y

C CHECK FOR THE FXISTANCE OF A SOLUTION BETWEEN 'XHI' AND
C 'XLO'. IF NO SOLUTION EXISTS SET 'IERR' TO '1' AND RETURN
C TO 'ASSAY'.

IF(FA*FB.LE.O.) GO TO 30
I ERR= 1
RETURN

30 CONTINUE

C CALCULATE NEW ESTIMATE OF ROOT

X-(A+B)/2.
ITR=ITR.1

C CHECK TO SEE IF MAXIMUM NUMBER OF ITERATIONS EXCEEDED.
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IF(ITR.LE.MAXITR) GO TO 40
IERR 2
RETURN

40 CONTINUE

C DIVIDE MAXIMUM ERROR BY 'TWO'.

XERROR=XERROR/2.

C CHECK TO SEE IF MAXIMUM ERROR IS WITHIN TOLERANCE.

IF(XERROR.LT.XTOL) RETURN

C EVALUATE POLYNOMIAL AT NEW VALUE OF 'X'.

POLYX=O.
DO 50 1I1,NDEG

POLYX=(POLYX+COEFF(NDEGPI-I+I ))*X

50 CONTINUE

POLYX=POLYXtCOEFF( 1)
FX-POLYX-Y

IF(FA*FX.LE.O.) GO TO 60
A=X
FA=FX
GO TO 30

60 CONTINUE

B=X
GO TO 50

END
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C* *

C * SUBROUTINE 'MONOT' - CALLING PROGRAM NAME: 'ASSAY' *
C * *

C * WRITTEN MAY 1981 - J.J.KNUDSEN, LAIR, DIV.OF RESEARCH SUPPORT, *
C * ANALYTICAL CHEMISTRY GROUP. *
C* *

C LANGUAGE - DATA GENERAL FORTRAN V
C* *

C PURPOSE OF SUBROUTINE
C * -
C * THIS SUBROUTINE CHECKS THAT THE REGRESSION POLYNOMIAL IS MONOTONIC *
C * ON (XLO,XHI) BY MAKING SURE THAT THE DERIVATIVE DOES NOT CHANGE *
C * 'IGN FOR 100 POINTS SPACED EVENLY ON THE INTERVAL. THIS SUB- *
C * ROUTINE NOT USED IF GENERATED REGRESSION EQUATION IS LINEAR. *

C *SUBROUTINE FORMAL PARAMETERS *
C*

* INTEGER *
C* *

C * NDEG - DEGREE OF REGRESSION EQUATION GENERATED BY CALLING *
C PROGRAM *

C * IERROR - SUBROUTINE ERROR PARAMETER *
C * SET - TO 0 IF IST DERIVATIVE OF REGRESSION EQUATION *
C * IS MONOTONIC *
C * SET - TO I IF IST DERIVATIVE OF REGRESSION EQUATION *
C * IS NOT MONOTONIC OVER RANGE 'X'=O.O TO 1.0 *
C* *

C DOUBLE PRECISION *
C* *

C * COEFF - VECTOR OF LENGTH 6 CONTAINING REGRESSION COEFFICIENTS *

C * XLO - LOWER LIMIT OF 'STANDARD VOLUME EQUIVALENT' *
C * XHI - UPPER LIMIT OF 'STANDARD VOLUME EQUIVALENT' *
C* *

C * SUBROUTINE SYMBOL DEFINITIONS (EXCLUDING FORMAL PARAMETERS) *
C ----------------------------------------------------------- *

C INTEGER VARIABLES *
C - - *

C * NDEGM1 - DEGREE OF REGRESSION EQUATION - I (LOOP CONTROL) *
C* *

C * DOUBLE PRECISION VARIABLES 41

C *-
C * DCOEFF - VECTOR OF LENGTH 6 CONTAINING COEFFICIENTS OF IST *
C * DERIVATIVE OF REGRESSION EQUATION
C X - VARIABLE SET - TO VALUE BETWEEN 0.0 AND 1.0 AT 100 EQUALLY
C SPACED POINTS. iST DERIVATIVE EVALUATED AT EACH POINT
C DRVX - VALUE OF DERIVATIVE AT 'X'
C * DRVXLO - VALUE OF DERIVATIVE AT 'XLO'
C * TEST - VARIABLE SET - TO 'DRVX*DRVXLO' TO CHECK IF SIGN OF
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C * DERIVATIVE HAS CHANGED
C t

SUBROUTINE MONOT (COEFF,NDEGXHI,XLO,IERROR)

C SUBROUTINE DATA TYPE STATEMENTS

INTEGER NDEG,NDEGMIIERROR

DOUBLE PRECISION COEFF(6),DCOEFF(6),XLOXHI,X,DRVX,
i DRVXLO,TEST

C CALCULATE COEFFICIENTS OF IST DERIVATIVE OF POLYNOMIAL
C REGRESSION EQUATION GENERATED BY 'ASSAY'

DO 10 I=I,NDEG
DCOEFF(I)=COEFF(II )*DBLE(FLOAT(I))

10 CONTINUE

C CALCULATE VALUE OF 1ST DERIVATIVE OF REGRESSION EQUATION AT
C 'XLO* USING HORNER'S METHOD.

NDEGMI=NDEG-1
DRVXLO=O.

DO 20 I=I,NDEGMI
DRVXLO-(DRVXLO+DCOEFF(NDEG-I+1))*XLO

20 CONTINUE

DRVXLO=DRVXLO DCOEFF(1)

C CALCULATE VALUE OF IST DERIVATIVE OVER RANGE 'XLO' TO 'XHI' AT
C 100 EQUALLY SPACED POINTS. AFTER DERIVATIVE FOR EACH POINT
C CALCULATED, TEST TO DETERMINE IF DERIVATIVE IS POSITIVE
C IF POSITIVE CALCULATE DERIVATIVE AT NEXT POINT.
C IF NEGATIVE SET 'IERROR' TO 1 AND RETURN TO CALLING PROGRAM.

DO 40 1=1,100
X=XLO O.01*I*(Xii-XLO)
DRVX=O.

DO 30 J=I,NDEGMI
DRVX-(DRVX+DCOEFF(NDEG-J+I ) )*X

30 CONTINUE

DRVX=DRVX DCOEFF(l)
TEST=DRVXLO*DRVX

TF(TEST.GT.O) GO TO 40
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IERROR-I
RETURN

40 CONTINUE

IERROR =0

4 RETURN

END
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C *********************.********************000000000000004000*****

C * *

C * SUBROUTINE 'PLOTi' - CALLING PROGRAM NAME: 'ASSAY' *
C °  *

C * WRITTEN MAY 1981 - J.J.KNUDSEN, LAIR, DIV.OF RESEARCH SUPPORT, *
C * ANALYTICAL CHEMISTRY GROUP. *
C*0 *

C * LANGUAGE - DATA GENERAL FORTRAN V *
C* *

C * PURPOSE OF SUBROUTINE *
C* *

C * SET UP A TWO DIMENSIONAL ARRAY CALLED 'GRAPH'. THE IMAGE GRID HAS *
C * 'H' ROWS AND 'W' COLUMNS. THE ARRAY IS INITIALLY FILLED WITH *

C * BLANKS. THE BOUNDARIES OF THE ARRAY ARE THEN DEFINED WITH APPROP- *
C * RIATE SYMBOLS AND TICK MARKS AND/OR GRID LINES ADDED. GRID LINES
C * ARE OPTIONAL. *
CO *

C * SUBROUTINE FORMAL PARAMETERS *
C* *

C* INTEGER *
C * *

C * GRAPH - TWO DIMENSIONAL ARRAY SETUP WITH GRID LINES IN THIS SUB- *
C * ROUTINE. *
C * *

C * SUBROUTINE SYMBOL DEFINITIONS (EXCLUDING FORMAL PARAMETERS) *
C ----------------------------------------------------------- *

C * INTEGER VARIABLES *
C* *

C * W - VARIABLE SET = TO WIDTH OF GRAPH (100 SPACES) *
C * H - VARIABLE SET = TO HEIGHT OF GRAPH (50 SPACES) *
C * BLANK - VARIABLE SET = TO ALPHAMERIC CHARACTER ' ' *
C * PLUS - VARIABLE SET TO ALPHAMERIC CHARACTER *+' *
C * MINUS - VARIABLE SET - TO ALPHAMERIC CHARACTER '-' *
C * DOT - VARIABLE SET = TO ALPHAMERIC CHARACTER '.' *
C I - VARIABLE USED AS A COUNTER *
C * J - VARIABLE USED AS A COUNTER *
C * *

C * SPECIAL INSTRUCTIONS *
C* *

C * USE /X SWITCH AT COMPILATION TIME TO DELETE GRID LINES FROM GRAPH *
C* ARRAY. *
C * *

SUBROUTINE PLOTI (GRAPH)

INTEGER W,H,GRAPH (O: 5D,O:100),BLANK,PLUG,MINUJ,D OT,i,J

BLANK-'

PLUS=''

39



j =11

200 GIAPH(J,I)-BLANK

IFIL.)G TO 200

IF(JGE.O GOTO 100

CONTINUE

J -H
250 K=O
300 1-0
400 GRAPH(J,I+K)=PLUS

IF(K.EQ.W) GO TO 600
500 1-1+1
X IF(J.EQ.50.OR.J.EQ.O) GO TO 530
X GO TO540
530 GRAPH(J,I+K)=MIINUS
540 IF(I.LT.9) GO TO 500

K=K+10
GO TO 300

60,1 IF(J.EQ.0) GO TO 1000
L= 1

K =0
640 1=0

645 CONTINUE~

X IF(I*K.,EQ.O.OR.I*K.EQ.100) GO TO 650
x GO TO660
650 GRAPII(J,J*K)-DOT
660 IF(I.EQ.1O) GO TO 800

I-I+1
K-10
GO TO 645

PO0 L-L+1
IF(L.LT.5) GO TO 620

J=J-1
IF(J.GE.O) GO TO 250

1000 RETURN

END
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C CC*CCCCCCoCCCCCCCCCCCoCCCCooCCCCo*oCCCoCCCoooootoCCCoo*CoCCC*Cooooo

C * o

C . SUBROUTINE 'PLOT2' - CALLING PROGRAM NAME: 'ASSAY'
CC o

C * WRITTEN MAY 1981 - J.J.KNUDSEN, LAIR, DIV.OF RESEARCH SUPPORT, *

C * ANALYTICAL CHEMISTRY GROUP. *

C * *

C. LANGUAGE - DATA GENERAL FORTRAN V *

C o  *

C * PURPOSE OF SUBROUTINE *
C -

C. THIS SUBROUTINE PUTS 'SYMBOL' INTO PLOTTING ARRAY 'GRAPH' CREATED *

C C BY SUBROUTINE 'PLOT2' AT A POINT CORRESPONDING TO (X,Y) IN THE *

C IMAGE PLANE FOR BOTH INPUT RAW DATA FOR STANDARD CURVE AND GEN- *

C C ERATED REGRESSION EQUATION. THE RANGE OF COORDINATES IS ASSUMED C

C C TO BE (XMIN TO XMAX, YMIN TO YMAX) AS DEFINED BELOW. THE PAIR OF .
C C REAL COORDINATES (X,Y) IN THE IMAGE PLANE ARE CONVERTED TO A PAIR *
C C OF INTEGER SUBSCRIPTS (I,J) USING THE DISCRETIZATION FORMULA: .
C * C

C C I = (X - XMIN/XMAX - XMIN) * N C
C J - (Y - YMIN/YMAX - YMIN) C N C
CC C

C C WHERE: N = DESIRED NUMBER OF DISCRETIZATION INTERVALS C

C o  
C

C C SUBROUTINE FORMAL PARAMETERS *
C -

C C INTEGER *
C -------
C C GRAPH - TWO DIMENSIONAL ARRAY SET UP BY 'PLOTI'. VALUES OF INPUT C

C C STANDARD CURVE DATA POINTS INSERTED IN THIS ARRAY AS WELL C

C C AS 50 EQUALLY SPACED POINTS OF REGRESSION EQUATION GEN- *
C C ERATED BY 'ASSAY'. C

C * N - NUMBER OF STANDARD CURVE DATA POINTS ENTERED IN MAIN PROGRAM C

C C NDEG - DEGREE OF REGRESSION EQUATION GENERATED BY 'ASSAY' C

C C A - VARIABLE SET = TO 0 IF 'MAXABS' IN MAIN PROGRAM <= 1.0
C * SET = TO I IF 'MAXABS' IN MAIN PROGRAM > 1.0 C

C C REAL C

C o

C C DAT - TWO DIMENSIONAL ARRAY CONTAINING STANDARD CURVE DATA POINTS *
CC C

C * DOUBLE PRECISION C

C -

C C COEFF - VECTOR OF LENGTH 6 CONTAINING REGRESSION COEFFICIENTS C

CC C

C * SUBROUTINE SYMBOL DEFINITIONS (EXCLUDING FORMAL PARAMETERS)
C -----------------------------------------------------------
C C INTEGER VARIABLES
CC -
C * SYMBOL - VARIABLE CONTAINING SYMBOL TO BE USED IN PLOTTING INPUT *
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C * STD CURVE DATA POINTS AND REGRESSION EQUATION POINTS *

C * SET - TO '0' FOR STD CURVE DATA POINTS *

C * SET = TO '@' FOR REGRESSION EQUATION DATA POINTS *
C * W - WIDTH OF ARRAY 'GRAPH' *

C * H - HEIGTH OF ARRAY 'GRAPH'
C * I - VARIABLE TO CONTAIN 'X-AXIS' INFORMATION FOR PLOTTING *
C * J - VARIABLE TO CONTAIN 'Y-AXIS' INFORMATION FOR PLOTTING *
C * NDEGP1 - DEGREE OF REGRESSION EQUATION + I (LOOP CONTROL)
C **

C * DOUBLE PRECISION VARIABLES
C - *

C*XLO - LOWER LIMIT OF 'STANDARD VOLUME EQUIVALENT' *

C * XHI - UPPER LIMIT OF 'STANDARD VOLUME EQUIVALENT' *

* X - VARIABLE USED IN SOLUTION OF REGRESSION EQUATION FOR PLOTTING *

C * PURPOSES. 'X-AXIS' INFORMATION. *
C * Y - VARIABLE USED IN SOULTION OF REGRESSION EQUATION FOR PLOTTING *
C * PURPOSES. 'Y-AXIS' INFORMATION. *

C * XMIN - MINIMUM VALUE OF 'X'. *

C * XMAX - MAXIMUM VALUE OF 'X'. *
C * YMIN - MINIMUM VALUE OF 'Y'. *

C * YMAX - MAXIMUM VALUE OF 'Y'. SET - TO 1.0 IF A - 0, SET = TO *
C 2.0 IF A . *

C *

SUBROUTINE PLOT2 (GRAPH,N,DAT,NDEG,COEFF,A)

INTEGER GRAPH(O:50,O:100),SYMBOL,I,J,W,H,NDEG,NDEGPI,N,A

REAL DAT(30,3)

DOUBLE PRECISION XHI,XLO,COEFF(6),X,Y,XMIN,XMAX,YMIN,YMAX

IF(A.EQ.o) GO TO 20
YMAX=2.0
G' TO 30

20 YMAX=1.0
50 XMAX=I.o

YMIN=O.O
XMIN=0.0
XLO-O.O
XHI:, .0

H=51

W-100

SYMBOL-'0'
DO 100 K=I,N

I-INT(DAT(K,3)*(DBLE(FLOAT(H))))
J-INT(( (DAT(K,2)-YMIN)/(YMAX-YMIN))*(DBLE(FLOAT(W))))
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1-50-1

IF((I.GE.0) .AND.
1 (I.LE.H) .AND.
I (J.GE.O) .AND.

I(J.LE.W) ) GO TO 75
GO TO 100

75 GRAPH(I ,J)-SYMBOL

100 CONTINUE

SYMBOL='@
NDEGPI -NDEG+1
DO 200 K-0,50
X-XLOO.Q2*K*(XHI-XLO)

Y-0.
DO 150 L=i,NDEG

Y-(Y+COEFF(NDEGP1 -L+ ) )*X
150 CONTINUE

Y=Y+COEFF(1)

I=INT(X*(DBLE(FLOAT(H))))
J-INT(((Y-YMIN)/(YMAX-YMIN))*(DBLE(FLOAT(W))))
1-50-I

IF((I.GE.0) .AND.
I (I.LE.H) .AND.
1 (J.GE.O) .AND.
1 (J.LE.W) ) GO TO 175

GO TO 200

175 GRAPH(I,J)-SYMBOL

200 CONTINUE

RETURN

r END
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